Background
==========

Both the etiology and treatment strategy of trigger thumb in children are controversial at present. Congenital, traumatic, and acquired factors are all considered possible causes of this disease \[[@b1-medscimonit-26-e922757]--[@b4-medscimonit-26-e922757]\]. Most scholars now generally agree that the condition of trigger thumb in children cannot heal by itself. It is necessary to release the trigger thumb and remove part of the A1 tendon sheath by surgery \[[@b2-medscimonit-26-e922757],[@b5-medscimonit-26-e922757]\]. However, some scholars have reported that the self-healing rate of trigger thumb in children could reach 10% to 50% \[[@b3-medscimonit-26-e922757],[@b6-medscimonit-26-e922757],[@b7-medscimonit-26-e922757]\]. A Japanese author reported that the success rate of conservative treatment with splints was as high as 89% \[[@b8-medscimonit-26-e922757]\].

The clinical features of trigger thumb in children are usually manifested as thumb interphalangeal (IP) joint with limited extension and palmar of metacarpophalangeal (MCP) joint with Notta nodule that can be touched. Besides these features, however, we also found that some children had MCP joint hyperextension (MCPH) or thumb self-controlled click, manifested as MCP joint instability (MCPI), and most of these children had multi-joint laxity concurrently. Therefore, we consider that trigger thumb combined with MCPH or MCPI may be associated with multi-joint laxity. An American author reported that MCP joint volar plate advancement was performed for MCPH while the trigger thumb was treated surgically \[[@b9-medscimonit-26-e922757]\]. The aforementioned study only described the operation method and did not mention the cause of MCPH. As far as we know, except for the aforementioned article, no literature has reported the cause, or the treatment of pediatric trigger thumb combined with MCPH or MCPI. The purpose of this study was to report the mechanism of MCPH and MCPI in pediatric trigger thumb patients and the different treatment for these 2 MCP joint manifestation.

Material and Methods
====================

Following approval from the institutional review board, a series of 1083 consecutive pediatric patients who had trigger thumb surgery (1366 thumbs) in our center from 2010 to 2018 are retrospectively analyzed. The indication for surgery was the following: children older than 2 years old, with painful triggering, and a locked IP joint (Sugimoto stage IV). Among these patients, 154 cases (185 thumbs) were complicated with MCPH or MCPI. We defined the MCPH group as having an MCP joint that could be further extended to 30°--70° after extending the MCP joint to 0° ([Figure 1](#f1-medscimonit-26-e922757){ref-type="fig"}), and the MCPI group was defined by the self-controllable click of MCP joint in the process of MCPH ([Video 1](#f4-medscimonit-26-e922757){ref-type="fig"}). According to the Beighton score \[[@b10-medscimonit-26-e922757]\] which is usually used to assess the joint hypermobility ([Table 1](#t1-medscimonit-26-e922757){ref-type="table"}), the children who meet 3 or more items of the Beighton score at the same time were identified as having multi-joint laxity ([Figure 2](#f2-medscimonit-26-e922757){ref-type="fig"}). The data collected for the 2 groups included age, duration of disease, history of passive thumb exercise or brace treatment, family history, and whether or not the patients suffered from multi-joint laxity.

Both groups underwent flexor pollicis longus tendon sheath release and partial resection of A1 trochlear. In follow-up treatment, the MCPH group was treated by a cast with the IP joint in an extending position and the MCP joint in a 20° flexion position. After one-week, joint function exercises were started after the removal of the cast. The MCPI group in the first week was treated the same as the MCPH group. But after 1 week, part of the cast was removed to restore the IP joint functional activity and MCP joint was still in 20° flexion position for 5 weeks. After 5 weeks, the patients began to use a brace in order to prevent the MCP joint posterior subluxation. Except for the time of passive functional exercises for the IP joint 3 times a day, the patients were required to wear the brace for 6 weeks.

Statistical analysis was used to compare the differences in baseline data between the MCPH group and the MCPI group, and to observe the functional activities of the IP joint and the MCP joint after treatment. Statistical analysis was conducted with SPSS 18.0 software. The independent *t*-test was used to compare continuous variables and the χ^2^ test was used to compare categorical variables in the 2 groups. The level of statistical significance was set at *P*\<0.05.

Results
=======

In this series, there were 154 cases (185 thumbs) of trigger thumb with MCPH or MCPI, of which 143 cases (172 thumbs) were complicated with multi-joint laxity. The incidence of MCPH or MCPI was significantly higher in the trigger thumb patients with multi-joint laxity than with non-multi-joint laxity ([Table 2](#t2-medscimonit-26-e922757){ref-type="table"}). Among all cases of trigger thumb with MCPH or MCPI, the MCPH group had 141 cases (167 thumbs), and the MCPI group had 13 cases (18 thumbs). In the MCPH group, the average age was 2.8 years and the mean duration of disease of 13 months, while in the MCPI group, the average age was 6.6 years and the mean duration of disease of 33 months. In the MCPH group, MCPH often occurred at the same time as IP joint flexion. In the MCPI group, IP joint extension limitation was the first symptom, and then MCPI occurred. In the MCPH group, 19 cases (24 thumbs) once had undergone passive and violent thumb stretching exercises and/or brace fixation before operation, while in the MCPI group 12 cases (17 thumbs) had done so. Compared with the MCPH group, the MCPI group had older age and longer duration of disease, and the proportion of passive exercises or brace treatment before operation was significantly higher than that of the MCPH group, but there was no significant difference in cases whether combined with multi-joint laxity or not ([Table 3](#t3-medscimonit-26-e922757){ref-type="table"}).

In addition, we also found family history in some trigger thumb patients with MCPH or MCPI. Of 154 cases of trigger thumb with MCPH or MCPI in this series, 75 patients had at least one of their parents who had MCPH or MCPI on one side or both sides ([Video 2](#f5-medscimonit-26-e922757){ref-type="fig"}).

In the cases of MCPH, the MCPH still existed after the removal of the cast at 1-week. However, the children felt that the thumb function was not limited and there was no pain or discomfort. Therefore, their families refused to do further treatment for MCPH deformity. In the cases of MCPI, 12 of 18 thumbs had a stable MCP joint and 6 thumbs had relapsed MCPI at 2 to 4 months after removal of the brace. Among them, 3 thumbs had an active extension limitation in the IP joint for 20° when the MCPI occurred. When the MCP joint stabilized, the IP joint could resume its extension function ([Figure 3](#f3-medscimonit-26-e922757){ref-type="fig"}).

Discussion
==========

Trigger thumb is the most common thumb disease in children, with a reported incidence of 1--3% \[[@b11-medscimonit-26-e922757]\]. It was previously known as congenital stenosing tenosynovitis \[[@b3-medscimonit-26-e922757],[@b5-medscimonit-26-e922757],[@b12-medscimonit-26-e922757]\] until research found that the incidence of birth onset was relatively rare, mostly at the age of 1 to 2 years old \[[@b2-medscimonit-26-e922757],[@b11-medscimonit-26-e922757],[@b13-medscimonit-26-e922757],[@b14-medscimonit-26-e922757]\]. It is now generally accepted that the asynchronous growth of the flexor pollicis longus and tendon sheath may cause trigger thumb. The growth of tendon occurs ahead of tendon sheath development so that the tendon sheath is relatively narrow \[[@b2-medscimonit-26-e922757],[@b3-medscimonit-26-e922757],[@b15-medscimonit-26-e922757]\]. Nowadays, many scholars recommend surgical treatment for patients with trigger thumb. But there is no agreement on the age at which surgery is indicated. The surgical indication mentioned in "Green's Operative Hand Surgery (Seventh Edition)" \[[@b16-medscimonit-26-e922757]\] was for children with painful triggering and a rigid deformity (Sugimoto Stage IV) older than 1 year of age should undergo surgery. In contrast, the guidelines established by Dinham and Merggitt \[[@b3-medscimonit-26-e922757]\] recommend surgical release for children at the age of 3 years or older, while Ogino \[[@b17-medscimonit-26-e922757]\] deemed that surgery should be considered for cases without improvement until the age of 5 years, after a period of observation or splinting therapy. In our opinion, we think that children older than 2 years old with painful triggering and a locked IP joint (Sugimoto stage IV) should undergo the surgery.

Joint laxity is a common clinical sign noted in various populations, particularly in children and female patients. Joint laxity is greatest in infancy and gradually declines throughout life, but it is still observed in 2--34% of males and 6--57% of females \[[@b18-medscimonit-26-e922757]\]. Joint laxity varies widely among individuals and is usually genetically determined \[[@b19-medscimonit-26-e922757]\]. However, most individuals with joint laxity are asymptomatic for their entire life. Joint laxity is usually assessed with the Beighton score \[[@b10-medscimonit-26-e922757]\]. Multi-joint laxity (affecting more than 4 joints) is encountered among 7% of normal school children \[[@b20-medscimonit-26-e922757]\]. The incidence of multi-joint laxity is about 4%--13%, and it is more prevalent in young females \[[@b21-medscimonit-26-e922757]--[@b23-medscimonit-26-e922757]\]. MCP joint hyperextension is one of the 5 items of the Beighton score. The performance is apposition of the hyperextension thumb against the volar aspect of the forearm.

Among the 1083 trigger thumb cases in this report, 143 patients (13.2%) were also identified with multi-joint laxity, and 185 trigger thumbs had MCPH or MCPI. This finding was consistent with the incidence of joint laxity reported in children (4--13%). Only 11 cases (13 MCPH thumbs) had no clinical manifestation of joint laxity. The hypermobility was purely certified in the MCP joint of affected thumb. Therefore, children with trigger thumbs with multi-joint laxity were more likely to develop MCPH or MCPI compared to children with trigger thumbs without multi-joint laxity. The incidence was significantly different (*P*=0.008) compare to the trigger thumb without joint laxity. Once a child who has joint laxity develops trigger finger, the function of the MCP joint needs to be evaluated carefully. Similarly, all trigger thumb cases with MCPH or MCPI require the examination of mobility of other joints.

Patients with MCPH or MCPI had significant differences in age, duration of disease, and nonsurgical treatment such as extension splint fixation and/or passive extension exercises, but there was no significant difference in combination with multi-joint laxity (*P*=0.764). We found that most MCPH or MCPI in trigger thumbs was associated with multi-joint laxity, which was usually genetically determined. In our study, 75 of 154 cases in the MCPH group or MCPI group had family history of joint hypermobility. More patients (141 cases, 167 thumbs) with MCPH had a short duration of disease (average 13 months, range 1--20 months). MCPH often occurred at the same time as IP joint flexion. On the contrary, 13 cases (18 trigger thumbs) with MCPI had longer duration of disease (average 33 months, range 20--48 months). MCPI was a secondary occurrence of restricted extension of the IP joint. Because of the long duration of disease, parents could not be sure whether the thumb had MCPH at the beginning of the disease, but they were sure that there was no MCP joint click at that time. Twelve of 17 thumbs had an average 28 months (range 19--43 months) of extension splint fixation and/or passive extension exercises and took no special measures to prevent MCPH. In the conservative treatment and functional activities, the passive or active extension of MCP joint compensates for the insufficient hand function due to IP flexion. The volar plate of the MCP joint is gradually excessively extended and the MCPI occurs over time \[[@b19-medscimonit-26-e922757]\].

After surgical release and partial resection of A1 trochlear in trigger thumb with MCPH, a forearm-based thumb spica soft cast with the IP joint extended and the MCP joint 20º flexed was applied for 1 week; full IP and MCP joint movement begun after the cast was removed. Although it has been reported that trigger thumb in children with concomitant MCP joint hyperextension laxity can be treated safely with predictable results by releasing the A1 trochlear and advancing the volar plate \[[@b9-medscimonit-26-e922757]\], we do not recommend further intervention or fixation for the MCPH because it is associated with multi-joint laxity, in which the joint mobility is greatest in infancy and gradually declines throughout life. All the MCPH patients in this study had no pain, discomfort, or thumb dysfunction in the follow-up, and the degree of MCPH on the affected side was consistent with that on the opposite side in unilateral cases. So, the children and their families temporarily refused further surgical treatment. In view of the possible future occurrence of osteoarthritis and pain, we will conduct further long-term follow-up of these cases.

For trigger thumb with concomitant MCPI, a short-arm thumb spica soft cast for 6 weeks and additional spica splint for 6 weeks with the MCP joint at 20º flexed were applied after surgical release of A1 trochlear, aiming to relieve the compensatory hypertension of volar plate and prevent the unstable subluxation of the MCP joint. The instability and click were improved by years in 10 of 16 thumbs, the recurrence of instability occurred in 6 of 16 thumbs at 2 to 4 months after brace removal. Two children (3 thumbs) could not extend the IP joint actively when the MCP joint was in subluxation, and the IP joint could be extended in full range after the MCP joint was reduced ([Figure 3](#f3-medscimonit-26-e922757){ref-type="fig"}). It is considered that for the relative hypertension of flexor pollicis longus caused by MCPI, the volar plate repair and advancement procedure should be scheduled.

Pediatric trigger thumb with concomitant MCPH and MCPI occurs frequently, but there are only sporadic reports focused on the occurrence of individual secondary MCPH after non-surgical manipulation and extension splint fixation \[[@b8-medscimonit-26-e922757],[@b24-medscimonit-26-e922757],[@b25-medscimonit-26-e922757]\]. Lee warned against prolonged passive stretching because the possibility of producing hyperextension of the MCP joint; iatrogenic hyperextension at the MCP joint following splinting was noted and should be avoided \[[@b26-medscimonit-26-e922757]\]; but for the treatment of MCPH, only one related article reported 7 cases of volar plate advancement \[[@b9-medscimonit-26-e922757]\]. Our report is the first study focusing on trigger thumb with concomitant MCPH and MCPI associated with multi-joint laxity, and we are also the first to report different management for hyperextension and habitual subluxation of MCP joint. Limitations of the present study include its retrospective design, the relatively short mean follow-up period, and the vast heterogeneity in the 2 groups due to the low incidence of trigger thumb with MCPI.

Conclusions
===========

Pediatric trigger thumb with MCPH has a relatively high incidence, and most of these cases are combined with multi-joint laxity. Improper manual reposition in patients with multi-joint laxity will aggravate MCP joint hyperextension. No further treatment for MCPH is recommended. Trigger thumb with MCPI is rare and usually occurs in joint laxity patients who have undergone prolonged splinting and/or passive stretching. Attention should be paid to observe and prevent the MCP joint subluxation during conservative treatment. Once it appears, surgical release of the A1 trochlear and cast combined brace fixation are recommended promptly. Further surgical treatment and long-term follow-up of relapsed cases of MCPI are still in progress.
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![Metacarpophalangeal joint hyperextension. We defined the metacarpophalangeal joint hyperextension group for the metacarpophalangeal joint can be further extended to 30--70° after extending metacarpophalangeal joint to 0°.](medscimonit-26-e922757-g001){#f1-medscimonit-26-e922757}

![Clinical manifestations consistent with generalized joint laxity. (**A**) Passive hyperextension \>90° of the fifth finger with the palm and wrist touching a solid surface. (**B**) Passive hyperextension \>10° of the elbow with the upper limb extended and the palm turned up. (**C**) Passive hyperextension \>10° of the knee while patient stands up. (**D**) Passive flexion of the thumb to touch the volar aspect of the forearm.](medscimonit-26-e922757-g002){#f2-medscimonit-26-e922757}

![The relapsed case in metacarpophalangeal joint instability group after brace removal. (**A**) Interphalangeal joint could not be extended actively when metacarpophalangeal joint was in subluxation. (**B**) When metacarpophalangeal joint was reduced stabilized, interphalangeal joint could resume its extension function.](medscimonit-26-e922757-g003){#f3-medscimonit-26-e922757}

![Metacarpophalangeal joint instability.](medscimonit-26-e922757-v001){#f4-medscimonit-26-e922757}

![Some trigger thumb patients with metacarpophalangeal joint hyperextension or instability also had a family history.](medscimonit-26-e922757-v002){#f5-medscimonit-26-e922757}

###### 

The Beighton score for multi-joint laxity.

  -----------------------------------------------------------------------------------------------------------------------------------
  Items                                                                                                                      Points
  -------------------------------------------------------------------------------------------------------------------------- --------
  Passive hyperextension \>90° of the fifth finger with the palm and wrist touching a solid surface (measured bilaterally)   2

  Passive flexion of the thumb to touch the volar aspect of the forearm (measured bilaterally)                               2

  Passive hyperextension \>10° of the elbow with the upper limb extended and the palm turned up (measured bilaterally)       2

  Passive hyperextension \>10° of the knee while the subject stands up (measured bilaterally)                                2

  Standing trunk flexion with knee fully extended to touch the floor with both palms flat                                    1

  Interpretation: For children: Score ≥6: positive; Score \<6: negative;\                                                    
  For adults: Score ≥5: positive; Score \<5: negative                                                                        
  -----------------------------------------------------------------------------------------------------------------------------------

###### 

Comparison of metacarpophalangeal (MCP) joint hyperextension/instability in patients with multi-joint laxity and non-multi-joint laxity.

                                           Multi-joint laxity (n=143)   Non-multi-joint laxity (n=940)   *p* Value
  ---------------------------------------- ---------------------------- -------------------------------- -----------
  Proportion (%)                           13.2                         86.8                             
  MCP hyperextension/instability (thumb)   172                          13                               0.008

MCP -- metacarpophalangeal.

###### 

Comparison of baseline data between metacarpophalangeal joint hyperextension (MCPH) group and metacarpophalangeal joint instability (MCPI) group.

                                          MCPH group (n=167)   MCPI group (n=18)   p Value
  --------------------------------------- -------------------- ------------------- ---------
  Age (y)                                 2.8 (1.1--5.4)       6.6 (3.9--7.6)      0.023
  Duration of disease (m)                 13 (1--20)           33 (20--48)         0.027
  Passive exercise and/or brace (thumb)   24                   17                  0.013
  With multi-joint laxity (thumb)         153                  16                  0.764
  Positive family history (thumb)         68                   7                   0.386

MCPH -- metacarpophalangeal joint hyperextension; MCPI -- metacarpophalangeal joint instability.
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